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Inventive antireflective structures comprise a semiconductor
substrate having thercon a combination of a plurality of
layers that either that absorb reflected light or that dissipate
reflected light imto patterns and intensities that do not
substantially alter photoresist material on the semiconductor
substrate. The semiconductor substrate has formed thereon a
feature having a width of less than about 0.25 microns.
Antireflective structures contemplated include a first layer of
polysilicon and first layer of silicon nitride material that 1s
formed upon the first layer of polysilicon. The antireflective
structure has the ability to scatter unabsorbed light into
patterns and intensities that are substantially ineffective to
alter photoresist material exposed to said patterns and inten-
sities. A first antireflective structure comprises a first layer of
polysilicon disposed upon on a semiconductor substrate, a
second layer of silicon nitride material disposed upon the
first layer of polysilicon, and a masking layer disposed upon
the second layer of silicon nitride material. A second anti-
reflective structure comprises a first layer of polysilicon
disposed upon on a semiconductor substrate, a first layer of
nitride material disposed upon the first layer of polysilicon,
a second layer of polysilicon disposed upon the first layer of
silicon nitride material, and a masking layer disposed upon
the second layer of polysilicon. A third anfireflective struc-
ture comprises a first layer of polysilicon disposed upon on
a semiconductor substrate, a first layer of silicon nitride
material disposed upon the first layer of polysilicon, a
second layer of polysilicon disposed upon the first layer of
silicon nitride material, a second layer of silicon nitride
material disposed upon the second layer of polysilicon, and
a masking layer disposed upon the second layer of silicon
nitride material.

34 Claims, 6 Drawing Sheets
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METHOD OF MAKING AN
ANTIREFLECTIVE STRUCTURE

1. RELATED APPLICAITONS

This 1s a continuation patent application of U.S. patent
application Ser. No. 09/082,752, filed on May 21, 1998, now
U.S. Pat. No. 5,990,002 which 1s a divisional patent appli-
cation of U.S. Pat. application Ser. No. 08/844,398, filed on
Apr. 18, 1997, now U.S. Pat. No. 5,886,391 ecach of the

foregoing being incorporated herein by reference.

BACKGROUND OF THE INVENTION

2. The Field of the Invention

The present 1nvention relates to the fabrication of inte-
orated circuits. More particularly, the present invention
relates to an anfi-reflective enhancement for integrated cir-
cuit fabrication. In particular, the present invention relates to
an anti-reflective enhancement for reducing critical dimen-
sion loss during mask patterning.

3. The Relevant Technology

In the microelectronics 1industry, a substrate refers to one
or more semiconductor layers or structures which includes
active or operable portions of semiconductor devices. In the
context of this document, the term “semiconductive sub-
strate” 1s defined to mean any construction comprising
semiconductive material, including but not limited to bulk
semiconductive material such as a semiconductive wafer,
cither alone or in assemblies comprising other materials
thereon, and semiconductive material layers, either alone or
in assemblies comprising other materials. The term substrate

refers to any supporting structure including but not limited
to the semiconductive substrates described above.

In the microelectronics industry, the process of miniatur-
1zation entails shrinking the size of individual semiconduc-
tor devices and crowding more semiconductor devices
within a given unit arca. With miniaturization, problems
arise with proper electrical 1solation between components.
When miniaturization demands the shrinking of individual
devices, 1solation structures must also be shrunk. Attempts
to 1solate components from each other 1n the prior art are
limited to photolithographic limits of about 0.25 microns.
One way to form structures that electrically 1solate conduc-
five materials on a semiconductor substrate from each other
1s to use photolithography in patterning dielectrics layers
upon the semiconductor substrate.

To form an 1solation trench on a semiconductor substrate
by photolithography, a photoresist mask through which the
1solation trench 1s etched generally utilizes a beam of light,
such as ultraviolet (UV) light and deep UV (DUV) light, to
transfer a pattern through an imaging lens from a photo-
lithographic template to a photoresist coating which has
been applied to the structural layer being patterned. The
pattern of the piotolithographic templat includes opaque and
transparent regions with selected shapes that match corre-
sponding openings and 1ntact portions intended to be formed
into the photoresist coating. The photolithographic template
1s conventionally designed by computer assisted drafting
and 1s of a much larger size than the semiconductor wafer on
which the photoresist coating 1s located. Light 1s directed
through the photolithographic template and 1s focused on the
photoresist coating 1n a manner that reduces the pattern of
the photolithographic template to the size of the photolitho-
oraphic coating and that develops the portions of the pho-
foresist coating that are unmasked and are intended to
remain. The undeveloped portions are thereafter easily
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removed. Other photolithographic techniques for formation
of 1solation trenches are also possible.

The resolution with which a pattern can be transferred the
photoresist coating from the photolithographic template 1s
currently limited in commercial applications to widths of
about 0.25 microns. In turn, the dimensions of the openings
and 1ntact regions of the photoresist mask, and consequently
the dimensions of the shaped structures that are formed with
the use of the photoresist mask, are correspondingly limited.
Photolithographic resolution limits are thus a barrier to
further miniaturization of 1tegrated circuits. Accordingly, a
need exists for an improved method of forming 1solation
trenches that have a size that 1s reduced from what can be
formed with conventional photolithography.

During photolithography, reflected light that occurs dur-
ing exposure of a mask tends to blur the desired image
because the reflected light escapes beyond exposed regions
on the photoresist. The blurring problem 1s caused by
reflected light affecting areas of the photoresist that are
outside the design pattern.

FIG. 1 1illustrates the problem of blurring caused by
reflected light that occurs during exposure of a photoresist.
A semiconductor structure 10 may be, for example, an
1solated active area 8X that was designed to have a width D,
but due to blurring caused by reflectivity of patterning light
from structures beneath the photorcsist, 1solated active arca
8X has an actual width A. The variance between design
width D and actual width A 1s illustrated as the distance
2(B/2) or B. By way of example, 1solated active area 8 X was
designed to have a width D of 10 1n arbitrary units, but due
to blurring caused from reflectivity, the actual width A 1s
nine 1n arbitrary units. It can be seen that a ten percent
variance between design and actual width has occurred.

As minmiaturization technology continues, a blurring vari-
ance of B as illustrated 1n FIG. 1 will increase relative to an
ever-decreasing design width D. Thus, as also illustrated in
FIG. 1, an 1solated active arca 87 that may have a design
width D' of, for example two and one-half 1n arbitrary units,
variance B will have the effect of causing a 40 percent error.
A variance B may leave insufficient space upon isolated
active area 87 to form desired contacts or structures. It can
be seen from the demonstration 1llustrated 1n FIG. 1, that the
need to eliminate or substantially reduce blurring must keep
pace with miniaturization.

Prior art methods for avoiding reflected light and 1its
photoresist blurring problems include using layers such as
titanium nitride or organic materials that reduce the reflected
light 1n order to better control resolution of the photoresist.

Another hindrance to photolithographic limitations are
conventional antireflective coating (ARC) schemes. As the
ever-increasing pressure to miniaturize bears upon the
microelectronics industry, the conventional antireflective
enhancements such as a titamium nitride layer, organic
layers, or other layers known in the art are proving inad-
equate at resolutions below about 0.25 microns.

One problem at a dimension below about 0.25 microns 1s
that of fouling caused by titanium nitride or organic mate-
rials. Fouling 1s defined as a tendency for a selected antire-
flective layer to resist staying within preferred boundaries.
Resistance to staying within preferred boundaries tends to
cause photolithographic techniques to be compromised.

When the ARC 1s a polymer {ilm, 1t 1s applied directly to
the semiconductor structure to a thickness of about 0.5
microns and photoresist 1s deposited on top of the ARC. The
ARC then has the function of absorbing most of the radiation
used during exposure of the resist that penetrates the resist
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material. Both standing wave ecffects and destructive scat-
tering from typographical features are suppressed with use

of the ARC. A disadvantage of a polymer film ARC 1s that
the process 1s increased in complexity and dimensional
control may be lost. A polymer film ARC requires applica-
tion by spin coating of the ARC material and pre-baking of
same before applying the photoresist material. A problem of
removing the ARC exists following an etch. For example,
during anisotropic etching, portions of a photoresist are
mobilized and form a liner within a recess that i1s being
ctched that further assists 1n achieving the anisotropic etch.
Due to the anisotropic etch, however, the photoresist that
was mobilized may have mingled with other elements that
cause 1t to resist removal by conventional stripping tech-
niques. This resistance to stripping requires stripping solu-
tions that have a chemical intensity that may detrimentally
cffect the structure that was achieved during the anisotropic
ctch. Thus, using a substance that is mtended to aid anti-
reflectivity the benelit thereof mitigated by the requirement
of a more chemically intensive stripping solution treatment.

Another method of attempting to avoid reflected light 1s to
use a metallic mask. Metallic materials, however, can cause
contamination of the semiconductor structure due to the high
mobility of metal 1ons in wet chemical environments or in
dry-etch vapors. Additionally, although a metallic mask may
remain as part of a finished semiconductor structure, a
metallic mask may not be able to properly withstand high
processing temperatures sometimes required to achieve a
preferred semiconductor structure.

One application 1n the microelectronics industry is to
1solate active areas by substantially surrounding them with
dielectric structures. As dimensions shrink below about 0.25
microns, the prior art technique of growing a local oxidation
of silicon (LOCOS) to isolate an active area becomes more
difficult to achieve. This difficulty 1s due to the inability to
control encroachment of the LOCOS structure into the
active area during growth of the LOCOS. Several techniques
have been developed to control the encroachment of what 1s
called the “bird’s beak” of the LOCOS into the active area,
but these techniques require extra operations, each of which
adds to fabrication time and cost as well as tending to lower

overall fabrication yield.

Alternatively, 1solated active arcas have been fabricated
by forming trenches on either side of a semiconductor region
and by depositing dielectric materials into the trenches. The
challenge for 1solation trenches that 1solate an active arca
with a width of less than about 0.25 microns 1s 1n overcom-
ing the inherent problems of reflected light and anfireflective
coatings of the prior art as discussed above. Light that 1s
reflected during exposure of a photoresist tends to blur the
boundary between the active area and the trench such that
the trench that i1s eventually etched encroaches into a
designed active area and the designed active area 1s dimen-
sionally compromised or rendered defective.

In general, several problems are caused by reflected light
in photolithographic techniques which blur the edge of a
critically dimensioned photoresist layer. In addition to prob-
lems experienced 1n forming 1solation trenches, contact
corridors, vias, and wiring trenches that must be patterned
below about 0.25 microns are also blurred and are therefore
widened beyond that which 1s preferred. A contact corridor
that 1s too wide will cause notching into a gate stack during
a contact corridor etch. Notching causes encroachment into
conductive areas of a gate stack and filling the contact
corridor with metallization causes a short to occur between
the contact and the conductive elements of the gate stack. A
trench that 1s too wide will cause “cross talk” between
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neighboring trenches so as so to compromise speed and
accuracy of the integrated circuit associated therewith.

What 1s needed 1s an anftireflective coating scheme that
does not substantially add to fabrication cost and does not
substantially reduce fabrication yield. What 1s also needed 1s
an antireflective coating scheme that imparts an antireflec-
tive quality to photolithographic techniques not previously
achieved 1n the prior art. What 1s also needed 1s an antire-
flective coating scheme that does not cause fouling of the
semiconductor structure. Additionally, what 1s needed 1s an
antireflective coating scheme that either does not require
removal, or that can be removed without causing contami-
nation or damage to the semiconductor structure. What 1s
also needed 1s an anftireflective coating scheme that facili-
tates a better photoresist profile and better control of critical
dimensions due to better prevention of reflected light than 1s
found 1n the prior art.

SUMMARY OF THE INVENTION

Preferred antireflective structures of the present invention
cach are situated upon a semiconductor substrate having
thereon a plurality of layers that act in concert to either
absorb reflected light or dissipate retlected light into patterns
and 1ntensities that are substantially inconsequential as to the
alteration of photoresist material situated outside of a
selected design arca that is exposed to the patterns and
intensities. The semiconductor substrate has one or more
features formed thereon having a width of less than about
0.5 microns, and preferably less than 0.25 microns.

Antireflective structures according to the present mven-
tion comprises a first layer of polysﬂlcon havmg a thickness
of less than about 500 A and a grain size 1n a range from
about 500 A to about 2,500 A. The first layer of polysilicon
resists fouling of a semiconductor substrate upon which the
first layer of polysilicon i1s situated. The first layer of
polysilicon has the ability to scatter unabsorbed light into
patterns and intensities that are substantially ineffective to
photoresist material exposed to the patterns and intensities.

A first layer of nitride material 1s formed substantially
conformably upon the first layer of polysilicon The first
layer of nitride material has a thickness 1n a range from
about 200 A to about 1,000 A, is substantially composed of
a material that also resists fouling of the semiconductor
substrate, and that absorbs a substantial portion of patterning
light that penetrates the photoresist material. The first layer
of nitride material may optionally be used 1n subsequent
processing such as an etch stop. A preferred material for the
first layer of nitride material 1s silicon nitride. Silicon nitride
of the first layer of nitride material may be formed by
chemical vapor deposition (CVD) or by thermal transfor-
mation of a portion of the first layer polysilicon 1mto a
polysilicon layer and a silicon nitride layer.

A first antireflective structure of the present invention
comprises a first layer of polysﬂlcon havmg a thickness of
less than about 500 A and a grain size 1n a range from about
500 A to about 2,500 A disposed upon on a semiconductor
substrate, a second layer of nitride material having a thick-
ness 1n a range from about 200 A to about 1,000 A disposed
substantially conformably upon the first layer of polysilicon,
and a masking layer disposed upon the second layer of
nitride material.

As an example of optimization of antireflectivity, the first
antireflective structure of the present invention is formed by
using a first layer of polysilicon that 1s formed upon a pad
oxide layer Thermal transtormation of the upper surface of
the first layer of polysilicon 1s carried out under conditions
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that allow for a nitride layer to grow downwardly into the
first layer of polysilicon. The structure achieved has the
quality of a preferred light-dissipating topography imparted
to the upper surface of the first layer of polysilicon and a
light-absorbing first layer of nitride material that conforms
to the first layer of polysilicon.

A second antireflective structure of the present invention
comprises a first layer of polysilicon disposed upon on a
semiconductor substrate, a first layer of nitride material
disposed substantially conformably upon the first layer of
polysilicon, a second layer of polysilicon that may or may
not be substantially composed of the same material as that
of the first layer of polysilicon, and a masking layer disposed
upon the second layer of polysilicon.

The second antireflective structure of the present imven-
fion may be formed to achieve another preferred embodi-
ment that comprises formation of a first layer of polysilicon,
formation of a first layer of nitride material above the first
layer of polysilicon, and formation of a second layer of
polysilicon above the first layer of nitride material. Forma-
tion of the second layer of polysilicon above the first layer
of mitride material accomplishes renewal of a preferred
polysilicon topography that scatters light according to the
preferred embodiment of the present invention, and light 1s
additionally absorbed imto the first layer of nitride material
when the light penetrates the second layer of polysilicon. If
light reflects from the first layer of nitride material, the light
must pass through the second layer of polysilicon so as to
once again be subject to scattering.

A third antireflective structure of the present invention
comprises a first layer of polysilicon disposed upon on a
semiconductor substrate, a first layer of nitride material
disposed substantially conformably upon the first layer of
polysilicon, a second layer of polysilicon disposed substan-
fially conformably upon the first layer of nitride material, a
second layer of silicon nitride material disposed upon the
second layer of polysilicon, and a masking layer disposed
upon the second layer of nitride material.

The third antireflective structure of the present invention
may comprise a combination of layers of polysilicon and
layers of nitride material which may be used in sequence to
act as light dissipators and light absorbers, respectively. For
example, a first layer of polysilicon and a first layer of nitride
material are formed upon a semiconductor substrate. Then,
a second layer of polysilicon 1s deposited upon the first layer
of nitride material, and a second layer of nitride material 1s
likewise formed upon the second layer of polysilicon. As
such, the fourth antireflective structure of the present inven-
fion may comprise a plurality of alternating layers of poly-
silicon and nitride material. Limitations to the number of
layers depend upon a preferred antireflectivity and process-
ing limitations as to layer thickness and layer of polysilicon
orain Size.

Through formation of the first, second, and third anfiue-
flective structures of the present invention, as well as varia-
tions thereof, various semiconductor devices can be fabri-
cated. By way of an application example, a semiconductor
device can be fabricated to include a first layer of polysilicon
disposed upon on a semiconductor substrate, where the first
layer of polysilicon 1s substantially entirely above an active
arca within the semiconductor substrate. The active area 1s
1solated with {filled 1solation trenches. A second layer of
polysilicon 1s disposed upon the first layer of polysilicon and
upon the filled 1solation trenches. An optional first layer of
nitride material can be disposed upon the second layer of
polysilicon. In the fabrication of this semiconductor device,
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masking of the structure was required 1n order to form the
active area to desired dimensions. Through antireflcctive
layers 1n the structure formed, light 1s substantially pre-
vented from blurring so that sub-micron features can be
properly dimensioned in a photolithography process. train
size control 1s used according to the present invention to
achieve the effect of dissipating reflected light into light
patterns or intensities that are substantially inconsequential
in affecting regions of photoresist that are exposed to said
intensities and patterns. Control of grain size to facilitate
preferred grain size growth and formation may include
preparing the semiconductor substrate surface by texturing it

with an etch or an equivalent treatment.

Grain size formation can be accomplished by various
methods. For example, annealing of polysilicon under a
partial or virtually complete vacuum can cause grain Size
orowth. An alternative processing method of forming grain
size moliphology according to the present invention 1ncludes
flashing undisassociated chemical vapor deposition (CVD)
materials that are entrapped 1n CVD polysilicon.

Besides preferred grain sizes, the layer of polysilicon may
have specific doping schemes that are used to optimize the
present invention. Doping may be carried out 1n situ during
formation of a layer or it may be carried out subsequent to
formation, for example by 10on 1implantation. Doping, 1n the
case ol polysilicon, may be done 1n order to achieve a
preferred conductivity of the polysilicon 1n order to use at
least a portion of the layer of polysilicon for a conductive
clement in the finished integrated circuait.

The reflectivity exhibited by antireflective structures of
the present mvention can be described as the fraction of
incident light energy that escapes from the surface of the
antireflective structure when irradiated by photoresist pat-
terning light under normal operating conditions. Various
ways ol describing reflectivity may be expressed. For
example, a simple percentage may be given for a preferred
reflectivity. A preferred reflectivity for the present invention
1s 1n a range from about 0.1 to about 10 percent, more
preferably about 0.1 percent to about 2 percent, and most
preferably about 0.1 percent to about 1 percent. It can be
appreciated that various materials can be selected and tested
that can be compared with preferred rough or HSG layer of
polysilicon 1n combination with preferred nitride layers as
disclosed above. It can be further appreciated that one of
ordinary skill in the art will be able to select from fouling-
resistant, light-dissipating, and light-absorbing combina-
tions to form an antireflective structure with a reflectivity
range of the present invention by reading the specification
and by practicing the invention.

In connection with preferred materials and preferred
reflectivities of selected structures, it 1s also useful to
describe the present invention in terms of a variance
between the design geometry and the actual characteristic
geometry of the structure achieved. A mask may be designed
with a first preferred characteristic geometry and, the actual
cecometry will vary from the design geometry. With geom-
etries contemplated by the present invention, a variance of
less than 10 percent 1s preferred and a variation of less than
5 percent 1s most preferred. It can be appreciated that, as
integrated circuit device geometries continue to shrink, the
variance preferably either remains relatively constant or
must also shrink.

The method of the present invention may be used to form
various structures with preferred geometries such as isola-
tion trenches, active areas, contact corridors, vias, stacked
storage node wells, and wiring trenches as non-limiting
examples.
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These and other features of the present mvention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of
the 1nvention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner 1n which the above-recited and
other advantages of the imvention are obtained, a more
particular description of the imvention briefly described
above will be rendered by reference to specific embodiments
thereof which are illustrated 1n the appended drawings.
Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be
described and explained with additional specificity and

detail through the use of the accompanying drawings in
which:

FIG. 1 1s a planar view 1illustrating the blurring etfect of
light to distort sub-micron critical dimensions 1n conven-
tional photolithography.

FIG. 2 1s an elevation cross-section view of a semicon-
ductor structure wherein a pad oxide layer 1s disposed upon
a semiconductor substrate, a layer of polysilicon disposed
upon the pad oxide layer, a layer of nitride material 1s
disposed upon the pad oxide layer, and a mask that has been
exposed and patterned with the aid of the layer of
polysilicon, where the layer of nitride material has an
antireflective quality.

FIG. 3 1s an elevational cross-section view of a semicon-
ductor structure wherein a pad oxide layer 1s disposed upon
a semiconductor substrate, a first layer of polysilicon 1s
disposed upon on the pad oxide layer, a first layer of nitride
material 1s disposed substantially conformably upon the first
layer of polysilicon, a second layer of polysilicon that may
or may not be substantially the same material as the first
layer of polysilicon 1s disposed upon the first layer of nitride
material, and a masking layer 1s disposed upon the second
layer of polysilicon.

FIG. 4 1s an elevational cross-section view of a semicon-
ductor structure wherein a pad oxide layer 1s disposed upon
a semiconductor substrate, a first layer of polysilicon i1s
disposed upon on the pad oxide layer, a first layer of nitride
material 1s disposed substantially conformably upon the first
layer of polysilicon, a second layer of polysilicon that may
or may not be substantially the same material as the first
layer of polysilicon 1s disposed upon the first layer of nitride
material, a second layer of nitride material 1s disposed
substantially conformably upon the second layer of
polysilicon, and a masking layer disposed upon the second
layer of nitride material.

FIG. 5 1s an elevational cross-section view of the semi-
conductor structure depicted in FIG. 2 after further
processing, wherein with in situ or separately etched
structures, a nitride 1sland and a polysilicon 1sland have been
formed.

FIG. 6 1llustrates the semiconductor structure depicted in
FIG. 5 after further processing, wherein exposed portions of
the semiconductor substrate, the first layer of polysilicon,
and optionally the first layer of nitride material have been
ox1idized, following a trench etch to form an 1solation region
active area.

FIG. 7 illustrates the semiconductor structure depicted in
FIG. 6 after further processing, wherein an i1solation dielec-
tric has been deposited over the semiconductor structure that
substantially fills the 1solation trenches, and where there
exists a surplus of 1solation dielectric over the semiconduc-
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tor structure that 1s to be removed, for example, by chemical
mechanical planarization.

FIG. 8 1llustrates a processing alternative for the semi-
conductor structure depicted 1in FIG. 7, wherein a portion of
the 1solation dielectric has been removed by a technique that
uses mechanical planarization or as being performed
through mechanical action such as chemical mechanical
planarization (CMP), and wherein the first layer of nitride
material has also been removed by a technique such as a
polysilicon selective etch.

FIG. 9 1llustrates a processing alternative for the structure
depicted 1n FIG. 8, wherein a second layer of polysilicon has
been formed substantially over the semiconductor structure,
wherein a second layer of nitride material has been formed
substantially over the second layer of polysilicon, thus
forming an antireflective structure similar to that depicted 1n
FIG. 2 with an added advantage that a critically-dimens,(,ied
structure 1s situated therebeneath.

FIG. 10 illustrates a processing alternative for the struc-
ture depicted m FIG. 7, wherein a portion of the 1solation
dielectric has been removed by a technique such as CMP,
wherein the first layer of nitride material has been removed
by a technique such as a polysilicon selective etch, wherein
the first layer of polysilicon has been removed by a tech-
nique such as an oxide selective etch, and wherein portions
of the first layer of polysilicon may remain as spacers on the
dielectric material that extends above an upper surface of the
pad oxide layer.

FIG. 11 illustrates a detail section taken along a section
line 11—11 from FIG. 2, in which the first layer of poly-
silicon 1s depicted as two layers: a primary layer being
substantially composed of a smooth polysilicon material,

and a secondary layer being substantially composed of a
rough or HSG polysilicon material.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred antireflective structures of the present invention
comprise a semiconductor substrate having thereon a com-
bination of a plurality of layers that act in concert to either
absorb reflected light or to dissipate reflected light into
patterns and intensities that do not substantial alter photo-
resist material that 1s exposed to the patterns and intensities.
The semiconductor substrate will preferably have thereon a
feature size with width dimension less than about 0.5
microns, and more preferably less than about 0.25 microns.

By way of example and 1illustration of the inventive
method and structure created thereby, FIG. 2 illustrates a
first layer and upon a second layer, where the first layer 1s
oenerally seen at 16 and the second layer 1s generally seen
at 20. A first and second masking structure are generally
seen, respectively, at 15 and 17. (Numbers) The structure to
be created has a feature surface thereon that has a width of
less than about 0.25 microns. To form such a feature surface,
first layer 16 1s formed on a semiconductor substrate 12,
where first layer 16 mcludes at least one polysilicon layer,
where the at least one polysilicon layer has a thickness of
less than about 500 A, and where the polysilicon material in
the at least one polysilicon layer has a grain size in a range

from about 500 A to about 2,500 A.

Second layer 20 1s formed substantially conformably
upon first layer 16, where second layer 20 has a thickness 1n
a range from about 200 A to about 1,000 A. A feature surface
1s seen on second layer 20, having been created by a
photolithographic patterning process. The feature surface
has a first edge opposite a second edge, the first and second
edges having a width therebetween of less than about 0.25
Mmicrons.
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The feature surface seen 1n FIG. 2 1s defined by at least
one of two arrangements. In a first arrangement, the feature
surface 1s defined by an interface with a mask structure 17
upon second layer 20, where mask structure 17 projects from
seccond layer 20 and extends continuously between and

terminates at first and second edges 22b, 22¢ of the feature
surface. It 1s intended that the width between first and second
cedges 22b, 22¢ of the feature surface be less than about 0.25
microns. In a second arrangement, the feature surface is
defined first and second masking structures 15, 17 upon
second layer 20, wherein the interface of second layer 20
with first masking structure 15 terminates at first edge 22a
of the feature surface, and wherein the interface of second
layer 20 with second masking structure 17 terminates at
second edge 22b of the feature surface. It 1s intended that the
width between first and second edges 22b, 22¢ of the feature
surface which 1s less than about 0.25 microns, as 1S seen
from first and second masking structures 15, 17 being
separated by the width between first and second edges 225,
22c¢ of the feature surface.

Materials

An antireflective structure according to the present inven-
tion comprises a first layer that resists fouling of the semi-
conductor structure and that has the ability to scatter unab-
sorbed light i1nto patterns and intensities that do not
substantially effect photoresist material that 1s exposed by
the patterns and intensities. A preferred material for the first
layer 1s at least one rough or hemispherical grained layer of
polysilicon or an equivalent disposed upon the semiconduc-
for substrate.

The at least one rough or hemispherical grained layer of
polysilicon has a preferred thickness of less than about 500
A A rough grain size 1s defined herein as being 1n a range
from about 500 A to about 2,500 A, preferably from about
500 A to about 1,500 A, and most preferably from about 500
A to about 1,000 A. A hemispherical grain (HSG) size is
defined herein as bemng about 1,500 A and larger. HSG
polysilicon 1s a preferred material where the grain size 1s
intended to be 1n the range from about 1,500 A to about
2,500 A. A smooth polysilicon grain size 1s defined herein as
being less than about 500 A. A smooth polysilicon grain size
1s less preferred 1 the present invention as it does not
provide sufficient ability to substantially scatter errant light
energy for feature geometries below about 0.5 microns.

Grain size 1s used according to the present invention to
achieve the effect of scattering reflected light into light
patterns or 1ntensities that do not substantially affect photo-
resist that are exposed to such light patterns or intensities.
Control of grain size may include texturing a surface with an
etch or an equivalent treatment to facilitate preferred grain
size growth. For example, a pad oxide layer 14, as illustrated
in FIG. 2, may be grown to a selected thickness substantially
uniformly across the entire surface of a semiconductor
substrate 12 and then etched with an etch recipe that causes
pad oxide layer 14 to form an wrregular exposed surface.
Deposition of a first polysilicon layer 16 then follows under
conditions that cause grain growth due in part to the depo-
sition upon the irregular surface of pad oxide layer 14. As
such, grain size can be controlled to be within a selected
grain Size.

Grain size formation can be accomplished by various
other methods. For example, annealing of polysilicon under
a partial or substantially complete vacuum can cause grain
orowth. For example, grain size can be further controlled
through pressures and temperature variations. After forma-
tion of a polysilicon layer, a vacuum may be drawn to
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develop a pressure within a processing chamber 1n a pres-
sure range from about 1 g Torr to about one Torr. Annealing
temperatures can be selected 1n a range from about 300 to
about 700° C. for a time range from about 1 to about 120
minutes.

An alternative processing method of forming grain size
morphology according to the present invention includes
flashing undisassociated chemical 1t vapor deposition mate-
rials that are entrapped 1n polysilicon. For example, where

polysilicon 1s formed by deposition using a silane material
precursor such as trisilane, dichlorosilane, or silane, the
CVD 1s carried out under pressures and temperatures that
promote mncomplete dissociation of silicon from hydrogen
during CVD such that some silane becomes entrapped
within the matrix of the deposited polysilicon. Discrete
charges of the silane precursor that vary slightly from each
other 1n their dew points may be sequentially charged to the
CVD vessel. As a first silane charge deposits without com-
pletely dissociating into polysilicon and gaseous hydrogen,
a subsequent charge of silane that substantially dissociates
upon contact with the semiconductor substrate at conditions
within the CVD vessel will cause the undisassociated silane
to agglomerate due to surface tension and mmcomplete sur-
face wetting by the first silane charge. Thus, localized
regions or silane pools from the second silane charge will
form and subsequently be encapsulated by the polysilicon
that 1s being deposited. By maintaining a pressure greater
than ambient within the CVD vessel, and by suddenly
venting the CVD vessel at temperature conditions to cause
the encapsulated silane pools to flash, the flashing silane will
tend to fracture the polysilicon.

For specific applications, selection of light intensities
used to expose photoresist materials are within the capability
of one of ordinary skill in the art. For example, deep
ultraviolet (DUV) light may have a preferred use depending
upon the photoresist material and the specific geometry of a
feature to be formed. In other applications, a G-line, I-line,
K-line or other preferred intensities may be selected 1n
connection with preferred photoresist materials and pre-
ferred geometries of a feature to be formed.

Besides preferred grain sizes, first polysilicon layer 16
may be formed with specific doping schemes that are used
to optimize the present invention. Doping of first polysilicon
layer 16 may be carried out in situ during formation of the
first or subsequent layers, or 1t 18 may be carried out
subsequent to formation, for example by 1on implantation.
Doping, 1n the case of polysilicon, may be done 1n order to
achieve a preferred conductivity of the polysilicon 1 order
to use at least a portion of the polysilicon layer for a
conductive element 1n the finished integrated circuit. For
example, polysilicon layer 16 may later form a word line in
a gate stack where the polysilicon rests upon at least a

portion of a pad oxide layer that would then be used as a gate
oxide.

A second layer 1s formed substantially conformably upon
first polysilicon layer 16. The second layer in the present
invention comprises a material that also resists fouling of the
semiconductor structure, that absorbs a substantial portion
of patterning light that has penetrated the photoresist
material, and optionally that may be used i1n subsequent
processing such as an etch stop. A preferred class of mate-
rials for the second layer comprises nitride materials or
equivalents. Silicon nitride 1s often expressed 1n literature as
S1,N,, however, it 1s understood that the term silicon nitride
includes non-stoichiometric silicon-to-nitrogen ratios that
may be incidental to the process or that may be selected in
a ratio that has a particular advantage to the specific appli-
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cation. For example, silicon-rich silicon nitride has been
found to enhance antireflectivity. Silicon-rich silicon nitride
1s understood to be a silicon nitride wherein the silicon 1s
present 1n a stoichiometric quantity more than three silicons
to four nitrogens. Silicon-rich silicon nitride 1n this context
means the presence of silicon in S1 N wherein X 1s 1n a range
from greater than about 0.75 to about 10. Silicon nitride may

be formed by chemical vapor deposition (CVD) or by
thermal transformation of a portion of first polysilicon layer
16 1nto a nitride layer 20.

The quality of light scattering that 1s achieved by the
topography of polysilicon layer 16 can be diminished by
formation of nitride layer 20 because distinct grain
boundaries, viewed 1n cross section, will be softened by
filling nitride layer 20 substantially conformably upon poly-
silicon layer 16. In a preferred embodiment, nitride layer 20
1s formed by thermal transformation of a portion of poly-
silicon layer 16. Thermal transformation i1s accomplished 1n
a heated nitrogen environment where the upper surface 40 1s
created from polysilicon layer 16 through a transformation
thereof 1nto silicon nitride layer 20. Processing conditions
are selected to optimize a balance between a sufficiently
light-absorptive silicon nitride layer and a sufficiently
irregular topography to dissipate any light energy that is
reflected.

A first antireflective structure of the present invention
comprises a first layer of polysilicon disposed upon on a
semiconductor substrate, a first layer of nitride material
disposed substantially conformably upon the first layer of
polysilicon, and a masking layer disposed upon the first
layer of nitride material.

As an example of optimization, the first anfireflective
structure of the present invention, as seen 1 FIG. 2, 1is
formed by using a first polysilicon layer 16 comprising HSG
polysilicon as defined above. Polysilicon layer 16 1s formed
upon pad oxide layer 14 with a grain size in a range from
about 2,000 A to about 2,500 A. Polysilicon layer 16 is
formed in a thickness range from about 500 A to about 1,500
A. Thermal transformation to create upper surface 40 of
nitride layer 20 1s carried out under conditions that allow for
nitride layer 20 to grow from a portion of polysilicon layer
16 in the thickness range from about 200 A to about 1,000
A. Because nitride layer 20 was not subsequently deposited,
no filling in of distinct grain boundaries occurred as would
be the case of a CVD technique. The achieved structure has
the quality of a preferred light-dissipating topography
imparted to upper surface 40 of nitride layer 20 by the
originally deposited polysilicon layer 16 and light-absorbing
nitride layer 20 that conforms to the original topography.

The first antiretlective structure of the present mnvention
may alternatively be made by using rough polysilicon as
defined above to form first polysilicon layer 16. The rough
polysﬂlcon 1s formed upon semiconductor substrate 12 with
a grain slze 1n a range from about 500 A to about 1,500 A.
Polysilicon layer 16 1s formed in a thickness range from
about 500 A to about 1,500 A. Thermal transformation of
upper surface 40 of nitride layer 20 1s carried out under
conditions that allow for nitride layer 20 to grow out of a
portion of polysilicon layer 16 in the thickness range from
about 200 A to about 1,000 A. Because nitride layer 20 was

not subsequently deposited, no filling in of distinct grain
boundaries occurred as would be 1n the case of a CVD
technique. The achieved structure has the quality of a
preferred light-dissipating topography imparted to upper
surface 40 of nitride layer 20 by the originally deposited
polysilicon layer 16 light-absorbing nitride layer 20 that
conforms to the original topography.

All subsequently disclosed embodiments presuppose the
use of either rough or HSG grained polysilicon.
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A second antireflective structure of the present imnvention
comprises a first layer of polysilicon disposed upon on a
semiconductor substrate, a first layer of nitride material
disposed substantially conformably upon the first layer of
polysilicon, a second polysilicon layer that may or may not
be substantially the same material as the first layer of
polysilicon, and a masking layer disposed upon the second
layer of polysilicon.

The second antireflective structure of the present mven-
fion may be formed to achieve another preferred embodi-
ment that comprises, as seen by example 1n FIG. 3, forma-
tion of first polysilicon layer 16, formation of nitride lay r
20, and formation of a second polysilicon layer 18 above
nitride layer 20. In this second embodiment, formation of
nitride layer 20 may be done by any preferred method.
Formation of second polysilicon layer 18 above nitride layer
20 accomplishes renewal of a rough or HSG polysilicon
topography as defined herein that scatters light according to
the preferred embodiment of the present invention, and light
1s additionally absorbed into nitride layer 20 when 1t pen-
etrates second polysilicon layer 18. If light reflects from
nitride layer 20, light must pass through second polysilicon
layer 18 during which light 1s once again subject to scatter-
ing.

A third antireflective structure of the present ivention
comprises a first layer of polysilicon disposed upon on a
semiconductor substrate, a first nitride layer disposed sub-
stantially conformably upon the first layer of polysilicon, a
second polysilicon layer disposed substantially conformably
upon the first nitride layer, a second nitride layer disposed
substantially conformably upon the second polysilicon
layer, and a masking layer disposed upon the second nitride
layer.

The third antireflective structure of the present invention
may comprise a combination of polysilicon layers and
nitride layers may be used i1n sequence to act as light
dissipators and light absorbers, respectively. For example, as
seen 1n FIG. 4, first polysilicon layer 16 to be formed upon
pad oxide layer 14 has a thickness in a range from. about 250
A to about 500 A. First nitride layer 20 1s formed upon first
polysilicon layer 16 by thermal transformation into upper
surface 40 of first nitride layer 20 from a portion of first
polysilicon layer 16 to form a silicon mitride depth m the
thickness range from about O A to about 250 A represented
in FIG. 4 as first nitride layer 20. Second polysﬂlcon layer
18 is deposited upon first nitride layer 20 in a thickness
range from about 250 A to about 500 A, and a second nitride
layer 44 1s likewise formed by thermal transformation of
second polysilicon layer 18 to a silicon nitride depth 1n a
thickness range from about 100 to about 250 A.

The third antireflective structure of the present invention
may comprise a plurality of polysilicon and nitride layers.
Limitations to the number of layers depend upon a preferred
antireflectivity and processing limitations as to layer thick-
ness and polysilicon layer rain size.

As an example of a structure that 1s formed according to
the present invention, a first layer of polysilicon 1s disposed
upon on a semiconductor substrate that i1s substantially
entirely above an active area that i1s 1solated with filled
1solation trenches. A second polysilicon layer disposed sub-
stantially conformably upon the first polysilicon layer and
upon the filled i1solation trenches. The structure represents
further processing according to the present invention after
dimensioning of an active area according to the present
invention and after removal of the mask and nitride layer.

Reflectivity

The reflectivity exhibited by anfireflective structures of
the present mvention can be described as the fraction of
incident light energy that escapes from the surface of the
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antiretlective structure when irradiated by photoresist pat-
terning light under normal operating conditions. Various
ways ol describing reflectivity may be expressed. For
example, a sitmple percentage may be given for a preferred
reflectivity. A preferred reflectivity for the present invention
1s 1n a range from about 0.1 to about 10 percent, more
preferably from about 0.1 to about 2 percent, and most
preferably from about 0.1 to about 1 percent.

Materials may be selected by using such relationships as,
for example, the Beer-Lambert law:

(1):‘

where 1 1s the retlected light intensity, I, 1s the initial light
intensity, € 1s the black-body degree of opacity or light
extinction coellicient of the material, p 1s the density of the
material, and d 1s the measured distance from the surface of
the antireflective structure to a detector. It can be appreciated

that various materials can be selected and tested that can be
compared with the preferred rough or HSG polysilicon
layers of the invention 1n combination with preferred nitride
layers as disclosed above. It can be further appreciated that
one of ordinary skill in the art will be able to select from
fouling-resistant, light-dissipating, and light-absorbing
combinations, and that a relationship between p and € can be
used to choose equivalent materials to those that are dis-
closed herem.

Blurring Effects

In connection with preferred materials and preferred
reflectivities of selected structures, 1t 1s also useful to
describe the present invention 1n terms of a variance from
the design geometry of an actual characteristic geometry of
the structure being fabricated. A mask may be designed with
a first preferred characteristic geometry and, as 1llustrated 1n
FIG. 1, the actual geometry exposed in photolithography
will vary from the design geometry. With geometries con-
templated by the present invention, a variance of less than 10
percent 1s preferred and a variation of less than 5 percent 1s
most preferred. It can be appreciated that, as integrated
circuit device geometries continue to shrink, the variance
preferably either remains relatively constant or must also
shrink.

Applications

The method of the present invention may be used to form
various structures with preferred geometries such as i1sola-
fion trench active areas. It 1s to be understood that the
discussion of 1solation trenches 1s merely 1llustrative and not
limiting of the inventive method. For example, contact
corridors, vias, stacked storage node wells, and wiring
trenches are further non-limiting examples of structures that
may also be formed by the inventive method and by use of
the 1nventive antireflective structure.

Referring to FIG. 2, a semiconductor structure 10 1s
illustrated 1n elevational cross-section wherein a semicon-
ductor substrate 12 1s covered with a pad oxide layer 14, a
first polysilicon layer 16, a nitride layer 20, and a mask 22
that has been patterned. It can be seen that a design width D
of mask 22 and an actual width A are illustrated as having
a width variance therebetween. By way of non-limiting
example, semiconductor structure 10 represents a detail
section that 1s to form an active area set off by 1solation
trenches.

For the non-limiting application of forming an 1solation
trench-1solated active area, the design width D of mask 22
according to the present invention 1s a width in a range from
about 0.05 microns to about 0.5 microns, preferably from
about 0.1 microns to about 0.25 microns, and most prefer-
ably from about 0.15 microns to about 0.2 microns.

FIG. § illustrates semiconductor structure 10 depicted in
FIG. 2 after further processing, wherein nitride layer 20 and
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first polysilicon layer 16 have been etched to form a nitride
island 24 and a polysilicon island 26, respectively. Etching
of nitride layer 20 and first polysilicon layer 16 may be
carried out 1n situ or 1n a two-step process that comprises a
first polysilicon-selective etch, and a second nitride-
selective etch.

FIG. 6 1illustrates a preferred application of the present
invention, wherein semiconductor structure 10 as depicted
in FIG. 5 has been processed to form 1solation trenches 30.
It can be seen that a thermal oxide layer 32 and an optional
thermal oxynitride layer 34 has formed upon exposed por-

tions of silicon and nitride, respectively. Following thermal
oxidizing to create thermal oxide layer 32 and optional
thermal oxynitride layer 34, an 1solation dielectric material
36 1s been deposited over semiconductor structure 10 and
substantially filled into the isolation trenches 30 as 1llus-
trated 1n FIG. 7. The 1solation dielectric material can be
silicon dioxide which i1s formed 1n a CVD process using a
tetracthylorthosilicate (TEOS) precursor. Removal of isola-
tion dielectric material 36 that 1s superficial to 1solation
trenches 30 may be carried out by a planarizing process such
as chemical-mechanical planarization (CMP) or by an
equivalent technique, CMP 1s carried out to remove all
material essentially at or above the level indicated by dashed
line L—L 1 FIG. 7. Thermal oxide layer 32 and an optional
thermal oxynitride layer 34 provide advantages during pro-
file reduction such as CMP where they may act as etch
buffers. For example, an etch of 1solation dielectric material
36 can be selective to thermal oxynitride layer 34 so as to
remove superficial portions of 1solation dielectric material
36 as the etch approaches nitride 1sland 24.

Further processing of semiconductor structure 10 as 1llus-
trated 1n FIG. 8 comprises CMP to stop preferably on
polysilicon 1sland 26, and nitride 1sland 24 1s removed, for
example, by use of a phosphoric acid etch. It can be seen that
1solation dielectric material 36 fills 1solation trench 30 so as
to extend above upper surface 40 of polysilicon 1sland 26. A
second CMP may be done to lower the extension of 1solation
dielectric material 36 to a level substantially the same as
upper surface 40 of polysilicon 1sland 26 as seen 1n FIG. 9.

In an embodiment of the invention 1n which an 1solation
trench and active area 1s formed, various alternative pro-
cessing paths may be chosen following CMP. In a first
alternative processing path, a second polysilicon layer 18 1s
deposited over semiconductor structure 10, as illustrated 1n
FIG. 9, and a second nitride layer 44 1s formed upon second
polysilicon layer 18. With the structure of second nitride
layer 44 and second polysilicon layer 18, essentially the
same antireflective structure as that depicted in FIG. 2 has
been reproduced with the additional advantage that a critical
dimension geometry comprising isolated active arca 28 lies
therebeneath. With second nitride layer 44 and second
polysilicon layer 18 in place, a second mask may be pat-
terned within the tolerances taught by the present invention.
In this way, 1t can be appreciated that multiple antireflective
structures may be formed 1n the course of fabrication of a
preferred microelectronic device, during which fabrication
photolithographic tolerances are improved over those of the
prior art.

In a second alternative processing path, a second etch 1s
carried out to remove polysilicon 1sland 26 and thereby to
expose pad oxide layer 14 as illustrated m FIG. 10. The
prominence of {filled isolation trench 36 may be reduced
during both a nitride etch and a polysilicon etch to a lever
lower than that depicted in FIG. 10. Further, portions of
polysilicon 1sland 26 may remain as a polysilicon spacer 48
upon pad oxide layer 14 and upon thermal oxide layer 32
against 1solation trench 30 filled with isolation dielectric
material 36.

Pad oxade layer 14 may also be removed if there 1s a need
to remove contaminants that may have encroached into it. A
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new oxide layer may be grown upon the exposed active arca
upper surface 46 after removing first polysilicon layer 16
and pad oxide layer 14. Where pad oxide layer 14 1s not 1n
danger of contamination, preferred structures can be formed
upon pad oxide layer 14. For example, 1f a gate stack 1s being,
built above 1solated active area 28, portions of pad oxide
layer 14 that cover 1solated active arca 28 form a gate oxide
layer. Further processing may include formation of second
nitride layer 44 and second polysilicon layer 18, similarly to
that depicted 1n FIG. 9 with the additional advantage that a
critical dimension geometry comprising 1solated active arca
28 lies therebeneath. With second nitride layer 44 and
second polysilicon layer 18 1n place, a second mask may be
patterned within the tolerances taught by the present inven-
tion.

FIG. 11 1s a detail section taken along the line 11—11 in
FIG. 2. Polysilicon layer 16 1s illustrated as including a first
polysilicon layer 50 and a second polysilicon layer 52. First
polysilicon layer 50 1s smooth polysilicon as defined above,
and second polysilicon layer 52 1s rough or HSG polysilicon
as defined above. In all the foregoing embodiments, poly-
silicon layer 16 1s presumed to include the structure and
processing option of including first polysilicon layer 50 and
second polysilicon layer 52 where a specidic application uses
first polysilicon layer 50 and second polysilicon layer 52 for
a preferred embodiment.

The present invention may be embodied 1n other specific
forms without departing from 1its spirit or essential charac-
teristics. The described embodiments are to be considered 1n

all respects only as illustrated and not restrictive. The scope
of the invention 1s, therefore, indicated by the appended
claims and their combination 1n whole or 1n part rather than
by the foregoing description. All changes that come within
the meaning and range of equivalency of the claims are to be
embraced within their scope.

What 1s claimed and desired to be secured by United

States Letters Patent 1s:

1. A method of forming a structure comprising:

forming a first layer on a semiconductor substrate, said
first layer including at least one hemispherical grain
(HSG) polysilicon layer, said at least one HSG poly-
silicon layer having a thickness of less than about 500
A; and

forming a second layer disposed conformably upon said
first layer, said second layer, composed of a nitride
material having a thickness in a range from about 200
A to about 1,000 A.

2. The method as defined 1n claim 1, further comprising;:

forming and patterning a layer of photoresist upon said

second layer to expose first and second points on said
second layer.

3. The method as defined 1n claim 2, wherein said first and
second points on said second layer are separated a width of
less than about 0.25 microns and are adjacent to a mask
structure that 1s at least one of:

a portion of said photoresist layer upon said second layer

that:

projects from said second layer; and

extends continuously between the first and second
points on said second layer; and

primary and secondary portions of said photoresist layer
that project from said second layer, wherein the pri-
mary portion of the photoresist layer 1s adjacent to the
first point on the second layer and the secondary
portion of the photoresist layer 1s adjacent to the second
point on the second layer, and wherein the second layer
1s continuously uncovered by said photoresist layer
between the first and second points so as to be exposed.

4. The method as defined 1n claim 2, wherein said second
layer includes a layer of polysilicon having a grain size less

than about 500 A.
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5. The method as defined 1n claim 2, wherein said second
layer comprises silicon nitride.
6. The method as defined 1n claim 2, wherein said second

layer comprises S1. N where x 15 1n a range from greater than
0.75 to 10.

7. The method as defined 1n claim 2, wherein a feature
surface on said second layer extends between the first and
second points, the method further comprising defining under
said feature surface a patterned space having a width not
orcater than that of the feature surface, said patterned space
being selected from the group consisting of a contact hole,
a via, a wiring trench, an active area and an 1solation trench.

8. The method as defined 1n claim 2, wherein said second
layer includes a layer of polysilicon upon which said at least
one mask structure 1s situated.

9. The method as defined 1n claim 2, wherein said second
layer includes a layer of polysilicon, wheremn a layer of
nitride material 1s formed above said polysilicon, and

wherein said layer of photoresist 1s situated upon said layer
of nitride material.

10. The method as defined 1n claim 2, wherein a feature
surface on said second layer extends between the first and
second points, the method further comprising:

forming a recess under said feature surface 1n said first
layer, said second layer, and said semiconductor sub-
strate having a width less than or equal to that of said
feature surface;

filling said recess with a dielectric material;

removing all material above an upper level of said recess
to form a planar surface including co-planar surfaces on
said first layer and said dielectric material; and

forming a primary layer upon said planar surface com-
posed of material selected from the group consisting of

HSG polysilicon and a nitride material.

11. The method as defined 1n claim 10, further compris-
Ing:

forming a secondary layer upon said primary layer said

secondary layer being selected from the group consist-
ing of HSG polysilicon and a nitride material.

12. The method as defined 1n claim 2, whereimn forming the
second layer 1s by a method selected from the group con-
sisting of CVD and thermal transtormation of polysilicon.

13. The method as defined 1n claim 2, wherein forming
and patterning the layer of photoresist upon said second
layer to expose first and second points on said second layer
comprises exposing said photoresist layer to an incident
patterning light, and wherein the first and second layer have
a combined reflectivity to said incident patterning light of
less than about 10% of mcident patterning light.

14. The method as defined 1n to claim 2, wherein said at
least one HSG polysilicon layer 1s formed so as to have said
orain size by a process selected from the group consisting of
heat treatment of said at least one HSG polysilicon layer,
ctching a surface upon said semiconductor substrate prior to
formation of said at least one HSG poiysilicon layer, and
flashing of entrapped undisassociated CVD feed material in
a deposition of said at least one HSG polysilicon layer.

15. A method of forming a submicron surface on a
structure comprising:

forming a first layer on a semiconductor substrate, said
first layer including at least one HSG polysilicon layer,

said at least one HSG porysilicon layer having a
thickness of less than about 500 A;

forming a second layer disposed conformably upon said
first layer, said second layer being composed of a

nitride material having a thickness 1 a range from
about 200 A to about 1,000 A; and

forming and patterning a layer of photoresist upon said
second layer to expose first and second points on said
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second layer, wherein said first and second points on

said second layer are separated by a width of less than

about 0.25 microns and are adjacent to a mask structure

that 1s at least one of:

a portion of said photoresist layer upon said second
layer that:
projects from said second layer; and
extends continuously between the first and second

points on said second layer; and

primary and secondary portions of said photoresist
layer that project from said second layer, wherein the
primary portion of the photoresist layer 1s adjacent to
the first point on the second layer and the secondary
portion of the photoresist layer 1s adjacent to the
second point on the second layer, and wherein the
second layer 1s continuously uncovered by said pho-
toresist layer between the first and second points so
as to be exposed.

16. The method as defined 1n claim 15, wherein said

second layer includes a layer of polysilicon having grain size
less than about 500 A.

17. The method as defined 1n claim 15, wherein said
second layer comprises silicon nitride.

18. The method as defined 1n claim 15, wherein said
second layer comprises S1 N where X 158 1n a range from
oreater than 0.75 to 10.

19. The method as defined in claim 15, wherein said
second layer includes a layer of polysilicon upon which said
layer of photoresist 1s situated.

20. The method as defined 1n claim 15, wherein said
second layer includes a layer of polysilicon, wherein a layer
of nitride material 1s formed above said polysilicon, and
wherein said layer of photoresist 1s situated upon said layer
of nitride material.

21. The method as defined 1n claim 15, wherein a feature
surface on said second layer extends between the first and
second points, the method further comprising:

forming a recess under said feature surface in said first

layer, said second layer, and said semiconductor sub-
strate having a width less than or equal to that of said

feature surface;
filling said recess with a dielectric material;

removing all material above an upper level of said recess
to form a planar surface including co-planar surfaces on
said first layer and said dielectric material; and

forming a primary layer upon said planar surface com-
posed of material selected from the group consisting of
HSG polysilicon and a nitride material.

22. The method as defined 1n claim 21, further compris-

Ing:

forming a secondary layer upon said primary layer, said
secondary layer being selected from the group consist-
ing of HSG polysilicon and a nitride material.

23. A method of forming a submicron surface on a

structure comprising;

forming a first layer on a semiconductor substrate, said
first layer including at least one HSG polysilicon layer,
said at least one HSG polysilicon layer having a
thickness of less than about 500 A and being formed so
as to have said grain size by a process selected from the
group consisting of heat treatment of said at least one
HSG polysilicon layer, etching a surface upon said
semiconductor substrate prior to formation of said at
least one HSG polysilicon layer, and flashing of
entrapped undisassociated CVD feed material in a
deposition of said at least one HSG polysilicon layer;

forming a second layer disposed conformably upon said
first layer, said second layer being composed of a
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nitride material having a thickness m a range from
about 200 A to about 1,000 A; and

forming and patterning a layer of photoresist upon said
second layer to expose first and second points on said
second layer so as to expose said photoresist layer to an
incident patterning light, and wherein the first and
second layer have a combined reflectivity to said inci-
dent patterning light of less than about 10% of incident
patterning light.

24. The method as defined 1n claim 23, wherein a feature

surface on said second layer extends between the first and
second points, the method further comprising:

forming a recess under said feature surface in said first
layer, said second layer, and said semiconductor sub-
strate having a width less than or equal to that of said
feature surface;

filling said recess with a dielectric material;

removing all material above an upper level of said recess
to form a planar surface including co-planar surfaces on
said first layer and said dielectric material; and

forming a primary layer upon said planar surface com-
posed of material selected from the group consisting of
HSG polysilicon and a nitride material.

25. The method as defined 1n claim 24, further compris-

Ing:

forming a secondary layer upon said primary layer, said
secondary layer being selected from the group consist-
ing of HSG polysilicon and a nitride material.

26. The method as defined 1n claim 23, wherein forming

the second layer 1s by a method selected from the group

consisting of CVD and thermal transformation of polysili-
con.

27. The method as defined 1n claim 23, wherein a feature
surface on said second layer extends between the first and
second points, the method further comprising defining under
said feature surface a patterned space having a width not
orcater than that of the feature surface, said patterned space
being selected from the group consisting of a contact hole,
a via, a wiring trench, an active area and an 1solation trench.

28. The method as defined 1n claim 23, wherein said
second layer further includes a layer of polysilicon upon
which said at least one mask structure 1s situated.

29. The method as defined 1n claim 23, wherein said
second layer further includes a layer of polysilicon, wherein
a layer of nitride material 1s formed above said polysilicon,
and wherein said layer of photoresist i1s situated upon said
layer of nitride material.

30. A method of forming a sub-micron surface on a
structure comprising;

forming a first layer on a semiconductor substrate, said
first layer including at least one HSG polysilicon layer,
said at least one HSG polysilicon layer having a
thickness of less than about 500 ﬁx, wherein said at least
one HSG polysilicon layer 1s former so as to have said
orain size by a process selected from the group con-
sisting of heat treatment of said at least one HSG
polysilicon layer, etching a surface upon said semicon-
ductor substrate prior to formation of said at least one
HSG polysilicon layer, and flashing of entrapped undis-
associated CVD feed material in a deposition of said at
least one HSG polysilicon layer;

forming a second layer disposed conformably upon said
first layer, said second layer having a thickness in a

range from about 200 A to about 1,000 131; and

forming and patterning a layer of photoresist upon said
second layer to expose first and second points on said
second layer, wherein a feature surface on said second
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layer extends to terminate at the first and second points,

wherein said first and second poimts on said second

layer are separated by a width of less than about 0.25

microns and are adjacent to a mask structure that 1s at

least one of:

a portion of said photoresist layer upon said second
layer that:
projects from said second layer; and
extends continuously between the first and second

points on said second layer; and

primary and secondary portions of said photoresist
layer that project from said second layer, wherein the
primary portion of the photoresist layer 1s adjacent to
the first point on the second layer and the secondary
portion of the photoresist layer 1s adjacent to the
second point on the second layer, and wherein the
second layer 1s continuously uncovered by said pho-
toresist layer between the first and second points so
as to be exposed

forming a recess under said feature surface 1n said first
layer, within said second layer, and within said
semiconductor substrate having a width less than or
equal to that of said feature surface;

filling said recess with a dielectric material;

removing all material above an upper level of said
recess to form a planar surface including co-planar
surfaces on said first layer and said dielectric mate-
rial;

forming a primary layer upon said planar surface
composed of material selected from the group con-
sisting of HSG polysilicon and a nitride material; and

forming a nitride material upon said primary layer by a
method selected from the group consisting of CVD
and thermal transformation of polysilicon material.

31. A method of an antireflective structure comprising:

forming a first layer on a semiconductor substrate, said
first layer including at least one HSG polysilicon layer,
said at least one HSG polysilicon layer having a
thickness of less than about 500 A and being formed so
as to have said grain size by a process selected from the
group consisting of heat treatment of said at least one
HSG polysilicon layer, etching a surface upon said
semiconductor substrate prior to formation of said at
least one HSG polysilicon layer, and flashing of
entrapped undisassociated CVD feed material in a
deposition of said at least one HSG polysilicon layer;

forming a second layer disposed conformably upon said

first layer, said second layer:

having a thickness 1n a range from about 200 A to about
1,000 A,

having a feature surface on said second layer extends
between the first and second points, there being
defined under said feature surface a patterned space
having a width not greater than that of the feature
surface, said patterned space being selected from the
group consisting of a contact hole, a via, a wiring
trench, an active area and an 1solation trench; and

being formed of a nitride material by a process selected
from the group consisting of CVD and thermal
transformation of polysilicon;

forming and patterning a layer of photoresist upon said
second layer to expose first and second points on said
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second layer so as to expose said photoresist layer to an
incident patterning light, and wherein the first and
second layer have a combined reflectivity to said inci-
dent patterning light of less than about 10% of incident
patterning light;

forming a recess under said feature surface 1n said first
layer, said second layer, and said semiconductor sub-

strate having a width less than or equal to that of said
feature surface;

filling said recess with a dielectric material;

removing all material above an upper level of said recess
to form a planar surface including co-planar surfaces on
said first layer and said dielectric material; and

forming a primary layer upon said planar surface com-
posed of material selected from the group consisting of
HSG polysilicon and a nitride material;

forming a secondary layer upon said primary layer, said
secondary layer being selected from the group consist-
ing of polysilicon and a nitride material.

32. A method of forming a structure comprising;:

forming a plurality of alternating layers of a first compo-

sition and a second composition; wherein:

cach said alternating layer contacting another said
alternating layer;

for each said alternating layer, the second composition
1s formed upon the first composition;

the first composition includes at least one HSG poly-
silicon layer that has a thickness of less than about
500 ﬁx; and

the second composition includes a nitride material

having a thickness in a range from about 200 A to
about 1,000 A.

33. The method as defined 1n claim 32, wheremn the

second composition icludes a layer of polysilicon having a
orain size less than about 500 A.

34. The method as defined 1n claim 32, further compris-

Ing:

forming and patterning a layer of photoresist upon said
plurality of alternating layers to expose thereon first
and second points, wherein said first and second points
on said plurality of alternating layers are separated a
width of less than about 0.25 microns and are adjacent
to a mask structure that i1s at least one of:
a portion of said photoresist layer upon said plurality of
alternating layers that:
projects from said plurality of alternating layers; and
extends continuously between the first and second
points on said plurality of alternating layers; and
primary and secondary portions of said photoresist
layer that project from said plurality of alternating
layers, wherein the primary portion of the photoresist
layer 1s adjacent to the first point on said plurality of
alternating layers and the secondary portion of the
photoresist layer 1s adjacent to the second point on
said plurality of alternating layers, and wherein said
plurality of alternating layers are continuously
uncovered by said photoresist layer between the first
and second points so as to be exposed.
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